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Aluaina/Silica Hultilayer Costings for Excimcr Lasers*

S. R. Foltyn ●nd L. J. Jolin

Los Alarms Nrntiorml bborstory
Los Alamos, NH 87545

Ti!e costing para~ter that SOSL otronaly influences optical daw~r resi6tancc IS the
choice of ● tterial~ uced to produce a coqonent. During the cource of Lestlnt of hundreds
of ultraviolet reflectors involving ]2 different ● aterial comh]nstionc, multilayer ntackh
of A1203/S102 htve d~nctrited ● ouperior ●billly LO resist la~er-induced damsgr. Fur-
ther, damage thresholds for these coatin[c ● rr ● t least tb,ice sc high ●s for refleclor~
cqo~ed of other materialo: In particular, thresholds of 6 J/cma ●t 2413 nm :15 nt) ●nd
12 J/cm2 ● t 351 M (12 no) have been ❑ etmured. Coqmratave renults •r~ pret-nted for ●

variety of BJLerialI ● t both wavelrngLhs ● s ● re preliminary resultt for #lumlns-basrd
●ntireflective coatlngk,

Key worde: A1203; coatin~ materials; ●xcimer nptlcs; l#ser-Lnduced dsmagt; ●ult] layer
dielectric reflectors; ultraviolet reflecLoro.

1. introduction

In thin work we report on ●n ●xtens]ve survey of ■tteri-ls ●nd vendors for ●ultllayer dlel?c?rlc
reflectors St czcimcr wmveleucths. At ● renult of this stud> we provldr ● r~nkln~ of ●atcrlal rom-
hinat]on~ for u]lrsviolet reflectors with a]umlna/ll]ica d~nstrttlng thr best performanrr, 111 8!1
ttte~t to ●xplmin thim ranking, two theorptlra] ~de]fi #rc invokrd. Although bamcd upon distinctly
d~ffcrent phvs]cal phenomena, both demonstrate h,x A12(13 could be ~rc dmagr r~slstant Lhan nthr)
cson ●aterltls ●nd, irrtereitlngly, both modelt predict ●ven better prrformanc~ for MO.

2, Trst Condition

Laocr pulse lengths St 24B ●nd 351 amwrrr 15 ~nd 12 ns M, r-spectlvcly, s~d thr PUISF repar-
tition frequency was 33 pps. Both o~tt of rcsultc wrc ~rnrrsted with ● nominal.y 0.5 m ● rtri opol
dlamelcr; howvcr, ● spotsizc-~ndepcndcnt ~thod of ~asurin~ thr dsmaR~ threshold [11 wat ?mployrd
Briefly, damamt Lhrcshold WS8 d~fin-d as the zero-prrccnt intcrc?pt of s damtg~ prohablllty curvr, or
altrrnatcly, ●k tbc hi~h~st fluenrc ● t which damage could not br producrd. D@mt@? conml~trd of
phynlctl d,oruptlon of th~ costin~ which ~tncrtlly bc~an within the flrct f~w shoti and whi(h frt,-
au~ntly ●volved, durins BUCCCS-lVP -hots, frrmnlcron-~iac pits to ● complct? fsllur~ of thr lrradl-
;t?d
cnc*
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where S IS a fused silica substrate, H and L are quarterwave layers of the high- and low-index mater-
ials, and n is the number of layer pairs deposited in order to ●chieve high reflectance, Some gen-
eral consrrents on these results are summarized below.

● Thresholds for various material combinations range over nearly two orders of magnitude ●nd,
while it is prolsable that some rearrangement wi]] OCCU: in material rankings as te~ting continues,
only A1203/Si02 has demonstrated 2f+8-IurI performance ● t levels in excess cf 4 J/cm2.

● Assuming, ●s diacusscd in a later section, that tht high-index material controls damaxe
resistance of n m~terial pair, a question is raised regarding the poor performance of alumlna w]th
●ither NaF or Ka3AlF6, ●specially when both were produced by vendors ~ho had been successful wlt~i
alumina/silica. In the case of the iormer, the reason is ●lmost certainly related to the fogged
ronditlon of the reflectors●s de]ivered, In the ●lunrlna/cryolite, however, no problem wa% indicated
by physical appearance or optical perforrn.,nce o? thr coatings. lL was later found that the vendor
had used a d]fferent coating chamber than that used for {lumlna/silica tiepositions, but in the at,-
sence of any ●dditional details , no conclusion caa be drawn.

o ]mpllclt iri figure 1 IS a factor-of-two increase in 351-M thresholds over those for the
samr maLerials ● t 246 m. Assurmng a power-law w~velength dependence, this translates to a threshold
●callng of A2.

● The reflectors of figure ] were provided by over fifteen vendors, A]ronlna/silica samp!es
were purch~sed from seven vendors; of these seven, four have deliv~red parts with thresholds over
h J/cm2 ● t 2&8 run, nnd~or over 8 J/cm2 ● t 35] run. These vendora~r ar~:

Alrtrrm Optical ●nd Ilagnetic Components
Broomer Research Corporation
Coherent opt~cs D~v~s~on
Spectra Physics, Inc. - Optics Dlvislon

● Examination of figure I reveals, qu{,l]tatlvely, sn ~nverse relationship between threshold
●nd index of refraction of the high-lnde~ component, A pract~cal consequence of this 1s that, fcr
damage-resistant components, system des]gners will be constrained to use materials with ● lob index
ratio ‘ The result is shown (fig. 2) in spect:al transmittance curves for reflectors of Sc2C13/S10z
aod A1203/Sloi. Th? sampl? ualng ●candla (n=l .90) ●ch~eves ● good broadband reflectance w]th only 23
layerb , whl]e the ●]umlna (n=l ,65) vers]on requires 49 layers —result]ng in the narrow band—tt
●chl-ve ● somewhat lower reflectanc~,

AlthouRh thr vm,hMsJs thus far has been on reflectors, sorer prel]mlnary results have been ol~-
talnrd for ●ntlreflett~on coat~ngs ●$ Lril, Table I conta~nri a ●unmary of thesr results showln~
that, for ● rt approprlitr des~gn, AR thresholds can be ●s high ● s for reflectors cornposcd of the sanw
materlal$,

Table 1, Alumlna-Bastd Antlreflect]on Coatings

..-- .. —.-...-. --— —— .. . . . . —.. — —.. . .— -.. . .

Threshold (J/cm2)
P =.igna 248 run, 15 r!s

- .- __,. . ----- --. ..— ---.—. —.. —.---— .-. --- -..

S HL 384

S LLNL 6.0

S L’L’H1 5.1

s I.” L’RI.’ 49

. . ... ....— ... —- . .......... . . . .... . .— ..- . . .. . .....-. — ----

● S ■ substratt (Supraajl 2), N s A1203, L ■ Sioa, L’ * IlgFa, All dcslgns had R ~ (0,5~),

“This list i~ nol th~ result of a comprrhcvrslv~ vendc,r’s curvey
mrni hy the Unlvtrslty of Caltiornia,

, nor do~u it constitute on ●ndorrr-
the lob Alamo@ National Laboratory, or th? authott



4. tfodeling tbc Results

Empirical studies such ● s tl,e one previo~lsly described frequently lose their significance with-
out ● suitable physical ●rgument to ●xplain the results. IL is fortunate that, in this case, two
models ●xist which potentially offer such ●n ●xplanation. Unfortunately, ●t this point neither
theory nor ●xperiment is sufficiently mature to ●now ● conclusion about which model, if ●ither, is
correct.

4.1. Damage ● s ●n Avalanche Breakdown Process

The first of these two models was presented at the Boulder Damage Symposium in 1975 [2]. It 1s
an avalsnche breakdown ●rgument which concludes that the first ●lectrons in the avalanche process are
liberated when the local rms ●lectric field in the coating reaches a value proportional to the quar]-
tity N/n2-1, where N is the ●tomic number density and n is the index of refraction of the material
being damaged. It was soon realized, however, that when the proportionality constants are In-
cluded—the complete ●xpression for the threshold electric field is

~ ~e—— r
n2 ‘c’ ‘0-5-1 co

where x is the critical electron displacement of ●Dout 2 ~—the result is ● threshold prediction
which i~rhighly optimistic. For the present results, the prediction is s.ptimistic by two orders of
magnitude in fluence theshold, or by ● factor of ten in term of field strength. Nevertheless, hy
ignoring for now the aagnltude discrepancy and simply considering the proportionality, very ‘gocId
agreement is found between the material ranking predicted by N/n2-l ●nd that observed experimentally
(fig! 3).

At this point, ● digression is necessary to discuss the ●ssumptions that were made In the con-

struction of figure 3.

9 Damage occurs in the high-index component of ● multilayer, This follows from the gentrally
accepted argunrcnt that high-index materials are more readily damaged than materials u~th s lok Index.

● Only the performance env~~ of figure 1 is used in the plot of figure 3. This assumr$
that the envelope represents optimum performance for ●ach material and in ~dd~t~on ●llows that less

-.,,-

damage resistant coatings can bc made from any material.

● The factor needed to account for magnitudr differences between theory ●nd ●xprrimrnt IS
approximately the same for ●ll materials tested, TbIs implies that the data In f~~urt 3 should 11(’
on ● stra~ght line ●nd that only tht slope of the lin~ is in quest~on.

o The linear regression fit in f~gure 3 uses the orisin ●nd ●l! po]nts ●xcept threr. Z1’(l:
and PbF2 were ●xcluded from the fit because both damaged in ● non-normal mcde that was ind)cat]ve C!
a uniform ●bsorption proeesr, —not surprising for ihese matel’ials at 248 nm. BeO was ●lsc! ●xclud[,l!
but for a diff~rent reason: It ia assumed that the single coating run ●valuated her? was not rrprr-
sentative of optimized BeO, tfore @n BeO app~ars ●t the end of this section.

Returnins to the subject of the predicted magnitude of the threshold ●lectric field: We postll-
lat.c that ●lectric field ●nhancement ●t cracks or voids in the coating la r-sponsibl? for the fartor-
of-te!l discrepancy. It {S well known that coatin~s possess ● columnar stru~ture and it la not UII-
reammablt to ●xp~ct that within this structure exist locallzed 8@om@tric lmptrfertions of all +,Jpro-
priatc size, Calcu]atjons.of ●lectric fi?ld enhatlcement nt defects of ●n appropr~atr size ● re avai]-

able [3], slthoush the ●nhancement ●a8nitude IS far lower than ● factor of ten. Thlc cubj?ct w1ll h
revinittd in a future paper,

As mrtioned previously, it appears that BGO in figure 3 in not performing as ●xp?ctrd, If thl!.
is the cast continued development work should lead t-. 248-ILm thresholds of about 10 J/cmn for reflr,-
tors based on BtO, Work is currently underway to test this hypothesis,

4,2. Dama8e ns ● Thermal Process

Anoth?r sodel has r?cently been propos?d 14] in which, jnstead of being ~eomttrlc featur~~, tho
defects are strongly absorbing spherical incIusious (later versions of thin model grnerallrr thv



inclusion shape). The theory predicts that damage occurs when the inclusion/host system reaches some
critical temperature and that this temperature is related to the ability of the host to conduct heat
a~ay from the defect site. Numerically, the damage threshold fluence should be proportional (for
constant pulselengtl,] to (PC K)1Z7
thermal conductivity,

, where the quantities represent the density, specific heat, and
respectively of the host material.

Figure 4 is a piot of various oxide damage thresholds versus the thermal properties of the
materials in bulk form. Absolute threshold predictions are not possible due to a general lack of
thermal proper~s o: thin films, and because the critical temperature is unknown. As a result of
these uncertalntles, the credibility of figure 4 is in question. It is shown here becau,e, as meas-
u red, good performance is indicated for alumina, and because ● completely different physical model
has again predicted even better performance for BeO. If the fitted line is correct, 248 nm thresh-
olds in ●xcess of 15 J/cm2 could be ●xpected for BeO-based reflectors.

It should be noted in closing that preliminary ●violence exists [5] which indicates that BeO is
more damage resistant than A1203 in the ultraviolet.

5. Conclusions

Ke have presented the results of a large survey of vendors and materials for ultraviolet reflec-
tors. lie find that A1203/Si02 is the most damage resistant material combination, but that, based
upon either of two theoretical models, BeO may prove to be a superior high-index material.
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